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L’objectif de ce travail était d’appliquer la Transformée de Fourier Discrète (TFD) à des séries de 
spectres d’absorbances UV-Vis d’eau usée pour des propos de prévision temporelle. Trois séries de 
temps pour trois différents sites d’études ont été utilisées : i) La station d’épuration des eaux usées 
(STEP) Salitre à Bogotá, ii) La station de pompage Gibraltar à Bogotá, iii) La STEP de San Fernando 
à Itagüí (partie sud de Medellín). Chaque série de temps avait le même nombre d’échantillons (1051) 
avec une période d’acquisition de un échantillon par minute pendant 18 heures à peu près. Une 
méthode spécifique de prévision de séries temporelles de données UV-Vis à partir de la TFD est 
proposée, en considérant les comportements spécifiques de la qualité des eaux de chaque site 
d’étude ainsi que les polluants d’intérêt. Les résultats obtenus montrent que : (i) pour toutes les séries 
de temps analysées, la partie UV du spectre est plus adaptée aux prévisions que la partie visible ; (ii) 
les prévisions de la partie visible (proche à la partie UV) sont plus facilement réalisables pour la STEP 
San Fernando que pour les autres sites d’étude ; (iii) le nombre recommandé des composantes varie 
en fonction de la période prévisionnelle requise ; (iv) les erreurs minimales de prévision et les périodes 
prévisionnelles maximales varient en fonction de chaque série de temps et de chaque polluant. 
 
ABSTRACT 
The objective of this work was to apply the Discrete Fourier Transform DFT to time series of waste 
water UV-Vis absorbance spectra for forecasting purposes. Three time series for three different study 
sites were used: i) Salitre WWTP in Bogotá, ii) Gibraltar pumping station in Bogotá, iii) San Fernando 
WWTP in Itagüí (south part of Medellín). Each of these time series had equal number of samples 
(1051), with an acquisition period of one sample per minute during approximately 18 hours. A specific 
methodology for forecasting UV-Vis time series from DFT is proposed, considering site specific 
behaviours of water quality and target pollutants to be monitored. Results obtained show that: (i) for all 
the time series studied, forecasting of UV part of the spectrum is more feasible than the visible part; (ii) 
forecasting on visible spectrum (near UV) is more feasible for San Fernando WWTP than for the other 
study sites; (iii) the recommended number of components varies as a function of the forecasting 
period; (iv) minimum forecasting errors and maximum forecasting periods vary according to time 
series and target pollutants.  
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1 INTRODUCTION 
Water quality in sewer systems can quickly change due to climatic variables or to rejections in sewer 
systems. In recent years, developments in optics and electronics have allowed the mixture or union of 
full UV/Vis spectrometry with small scale robust sensors to monitoring water quality on-line and in situ. 
On-line UV/Vis spectrometry can be used for monitoring and control water systems (van den Broeke, 
2007). One of the main applications concerns the monitoring of wastewater treatment plants, 
especially for the different treatment stages, in order to assess pollutants’ loads and efficiencies of 
organic materials treatments (such as COD and BOD5), nitrates, nitrites and total suspended solids 
(TSS) (Rieger, 2004). 
In addition of the development of methods needed to calibrate these sensors (Torres, 2008), time 
series analysis are necessary in order to infer pollutants’ behaviours of related absorbance spectra like 
periodicities, and their relationships with wavelengths, for both UV (200 nm to 400 nm) and Visible 
(400 nm to 750 nm) ranges (Gruber, 2005). Time series analysis can be used for forecasting of UV-Vis 
absorbance spectra purposes. There are many methods for forecasting that can be used to predict 
future events, and are divided into two basic types: qualitative and quantitative methods. Quantitative 
forecasts methods can be grouped into two classes: univariate and causal models. Some of the 
forecasting techniques are Regression analysis, Time series regressions and Box - Jenkins, ARMA or 
ARIMA models (Box, 1994). 
This work aims to analyse time series absorbance spectra and the information behaviour received by 
a UV-Vis probe installed in urban sewer systems, through transformation of time domain to frequency 
domain, using the discrete Fourier transform DFT and inverse fast Fourier transform IFFT (Proakis, 
2007). The proposed analysis was performed for three UV-Vis spectra databases acquired on the 
following points: (i) Salitre WWTP affluent, Bogotá D.C.; (ii) Gibraltar pumping station, Bogotá D.C.; 
(iii) San Fernando EPM WWTP affluent, Itagüí (Medellín metropolitan area). 
 
2 MATERIALS AND METHODS 
Spectro::lyserTM UV-Vis sensors are submersible probes of approximately 65 cm length and 44 mm of 
diameter, used to register light attenuation (absorbance) on-line in relative continuous time (one signal 
per minute), with a light source provided by a Xenon lamp, for wavelengths going from 200 nm to 750 
nm, with 2.5 nm intervals (Langergraber, 2004). 
For the present study, time series are composed of 1051 absorbance spectra at each sampling site: (i) 
for Salitre WWTP (Bogotá D.C.) from June 30th 2011 at 7:16 h to July first 2011 at 2:43 h; (ii) for 
Gibraltar pumping station (GPS) from October 18th 2011 at 16:17 h to October 19th 2011 at 9:47 h 
and (iii) for San Fernando WWTP from October 16th 2011 at 6:04 h to October 17th 2011 at 17:10 h. 
Since the samples registered by the sensors may have values that not correspond to the water quality 
(for example due to obstructions on the window of the sensor, or during the maintenance procedures), 
an eliminating procedure or filtering is proposed. This was done using a gradient operation (Equation 
1) followed by linear interpolations to complete time series. Figure 1 shows the spectra time series 
after the filtering procedure explained above. 
 




ValueValue tt                      Equation 1 
In Equation 1, Valuet is the absorbance value for time t, Valuet-1 is the absorbance value for time t-1 
and Delta is an absorbance range chosen arbitrarily as 60 units for Salitre WWTP and GPS and 100 
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Figure 1.- Salitre WWTP (a), GPS (b) y San Fernando WWTP (c) 
Spectral analysis is used to find periodicities included in time series, using DFT (Proakis, 2007), in 
order to move from time domain to frequency domain. Proposed methodology consists of sorting the 
components based on their importance, assessed according to their amplitude. Afterwards, an 
elimination of components is undertaken from lower to higher importance, to finally return to time 
domain using IFFT (Proakis, 2007). This is done for all the wavelengths and all the components since 
the zero-component, which is the signal average in time domain and is the only component 
systematically taken into account for all the analysis. 
The procedure begins removing, for each wavelength time series, values from 1 to 525 (out of 1051 
values contained in the original data-set) from the original time series to forecast those values 
calculating the DFT components, for one to ten most important components. The analysis finishes with 
the comparison between the original time series value and the processed one (DFT-IFFT explained 
above). This comparison is performed by calculation of Normalized Root-Mean-Square deviation 
NRMSD from Equation 2, where ValSTi is the original time series absorbance value for time index i, 
ValIFFTi is the processed absorbance value after the deletion process explained above for time index i 
and Obsmax-Obsmin is the original time series amplitude range. 
 



















                              
Equation 2 
Next step consists on using the above results for each study site and verifying the error with less than 
5% for the ten most important components. For each result, the number of components, the number of 
records used (N) and the number of forecasting values (n) needed to obtain the minimum forecasting 
error are then reported  (see Figure 2 with methodology flowchart). 
 
 
Figure 2.- Analysis procedure flow diagram 
The above procedure is undertaken for wavelengths specific ranges representing water pollutant 
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Figure 3.- UV-Vis spectrum, and examples of parameters derived out of this spectrum together with their 
characteristic absorbance profiles (van den Broeke, 2007) 
 
Table 1.- UV-Visible ranges subgroups that represent pollutants’ range and wavelengths 
 
Spectrum Parameters Wavelengths Ranges 
UV 
NO2 Nitrites and NO3 Nitrates 
Detergents (benzenic forms) at 225 nm 
200 nm to 250 nm 
UV COD-1  Acetone 266 nm 252.5 nm to 267.5 nm 
UV Phenols  Acetaldehyde 277 nm 270 nm to 280 nm 
UV 
COD-2 (Phenols) 
Presence of hypochlorite ion 290 nm 
287.5 nm to 357.5 nm 
UV Formaldehydes 360 nm to 380 nm 
VISIBLE DOC 382.5 nm to 427.5 nm 
VISIBLE Violet 430 nm to 477.5 nm 
VISIBLE Blue 480 nm to 537.5 nm 
VISIBLE Green 540 nm to 577.5 nm 
VISIBLE Yellow 580 nm to 617.5 nm 
VISIBLE Orange 620 nm to 647.5 nm 
VISIBLE Red 650 nm to 687.5 nm 
VISIBLE TSS 690 nm to 745 nm 
 
3 APPLICATION 
In order to compare the forecasting results between study sites, even if other forecasting methods 
(e.g. extrapolations, regressions, machine-learning, etc.) could be more adapted to a specific signal, 
the DFT-IFFT procedure explained above was applied to all the signals registered. Figure 4 shows the 
forecasting error for each forecasting time step and each wavelength by using the most important 
component for Salitre WWTP. Similar figures were obtained for GPS and San Fernando WWTP study 
sites. This figure shows that wavelength from one to fifty (200 nm to 322.5 nm), corresponding to large 
part of UV spectrum, have less than 15% of error, which means that prediction of UV spectrum is more 
feasible than visible spectrum (errors from 15% to 45%). In general terms, this result was also 
obtained by using the first ten more relevant components for Salitre WWTP and GPS. The differences 
observed between errors from UV compared with visible wavelengths were found to be more 
important for San Fernando WWTP: 15% for UV (200-222.5 nm) and more than 60% for the visible 
part of spectrum. Is important to notice that in this case, on visible range, some higher forecast periods 
are better than lower periods due to the specific forecasting method proposed, based on periodic 
signals: for example, for wavelength number 150 (corresponding to 572.5 nm) the accuracy of 
forecasting is better by applying DFT analysis for only 175 time series values out of 525 (maximum 
value corresponding to complete number of values from time series divided by two) (35% of error) 
than by applying DFT analysis for 375 time series values out of 525 (almost 40% of error).  
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Figure 4.- Forecasting errors for Salitre WWTP by using the most important component 
For each study site and each wavelength, the forecasting ranges (n) for which errors less than 5% are 
obtained using the ten most important components were identified. Figure 5 shows this identification 
for the wavelengths 200 nm (left), 235 nm (centre) and 257.5 nm (right) for Salitre WWTP study site. In 
this figure it can be observed that the forecasting is more feasible for the lowest wavelengths: after 
257.5 nm all the forecasting errors are higher than 5%. For the other study sites, errors obtained 
exceeded 5% for almost all the cases, with exception of some forecasting ranges (n) for wavelengths 
between 207.5 nm and 252.5 nm and between 200 nm and 407.5 nm for GPS, (Figure 6) and San 
Fernando WWTP (Figure 7), respectively. It can be noticed that the San Fernando WWTP forecasting 





Figure 5.- Forecasting errors less than 5% for 200 nm (left), 235 nm (centre) and 257.5 nm (right) for Salitre 
WWTP 
 
   
   
Figure 6.- Forecasting errors less than 5% for 207.5 nm (left), 222.5 nm (centre) and 252.5 nm (right) for GPS 
 
   
Figure 7.- Forecasting errors less than 5% for 200 nm (left), 302.5 nm (centre) and 407.5 nm (right) for San 
Fernando WWTP 
In order to estimate the minimum number of components needed to achieve a good enough 
forecasting for a specific forecasting period, a comparison between errors from a forecasting DFT 
model with specific number of components was undertaken. Figure 8 shows the difference (Delta 
Error) between errors obtained for a forecasting time of 10 minutes (left) and 30 minutes (right) by 
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using a specific number of components and the subsequent one (for example, comparison between 
models with one and two most important components, between models with two and three most 
important components, etc.) for Salitre WWTP study case. This method was done for forecasting 
periods of 10 min, 20 min, 30 min and 60 min for all the study cases, obtaining similar results. 
However, it was observed that the recommended number of components (obtained graphically for 
instance, where the difference between errors for subsequent number of components turns almost 
constant) varies as a function of the forecasting period. 
 
    
 
Figure 8.- Differences (Delta Error) between errors obtained for a forecasting time of 10 minutes (left) and 30 
minutes (right) for Salitre WWTP study case 
 
Table 2 presents, for each site, the minimum forecasting error and the corresponding wavelengths, 
number of components, forecasting period and number of records used, for different wavelength 
ranges, representing pollutants commonly used (Table 1). Table 2 was built from forecast minimum 
error values for all the wavelengths, and then it was taken the minimum error value on each range 
explained above. In Table 2 it can be observed that: (i) the forecasting errors for GPS are higher than 
the ones obtained for Salitre and San Fernando WWTPs; (ii) the number of DFT components for GPS 
is lower than for Salitre and San Fernando WWTPs; (iii) the forecasting times for GPS are higher than 
those obtained for Salitre and San Fernando WWTPs, especially for the visible range. This table 
shows also that forecast minimum errors for UV range are lower than 5% for both Salitre and San 
Fernando WWTPs, but for GPS the final portion of the UV range exceeds 17% forecast error. Visible 
range errors exceed 10% of the forecast error for Salitre WWTP and GPS, but they do not exceed 5% 
of error for San Fernando WWTP. 
 
Table 3 presents the maximum forecasting period expected for each site and different wavelength 
ranges, as well as their corresponding errors, specific wavelength, number of components and number 
of records used.  
Table 3 was built by taking the maximum forecasting period of the values used in Table 2, for all the 
wavelengths from the minimum forecasting error values, in each of the proposed ranges. This table 
shows the maximum forecasting periods, but it seems important to clarify that for the minimum 
forecasting error values for all the wavelengths and for each one of the proposed ranges representing 
types of pollutants, forecasting periods range between 1 and 13 minutes for WWTP Salitre and San 
Fernando WWTP and between 6 and 525 minutes for GPS. In  
Table 3 it can be observed that: (i) the forecasting times for GPS are higher than the ones obtained for 
Salitre and San Fernando WWTPs; (ii) the number of DFT components for GPS is lower than for 
Salitre and San Fernando WWTPs. 
Differences observed in Table 2 and  
Table 3 between the forecasting quality for GPS, in one hand (highest forecasting errors and times, 
lowest DFT number of components), and for Salitre and San Fernando WWTPs, on the other hand, 
could be explained by exploring the characteristics of the monitoring data. In order to explore these 
characteristics, some simple calculations were done: (i) time variations of absorbances for each study 
site; (ii) absorbances variations by wavelength for each study site; (iii) computations of the main DFT 
periodicities for the signals registered in each study site. From these results, no relations between 
variabilities (by time or by wavelength) and the quality of the forecasting were identified. However the 
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main DFT periodicities obtained were 8.76 h for both Salitre and San Fernando WWTPs and 5.84 h for 
GPS. This result implies that the water quality varies faster in GPS than in the other two study sites, 
and therefore this characteristic could explain the worse forecasting results observed in GPS (highest 
percentage errors observed in Table 2 and  
Table 3). On the other hand, the sampling procedure for Salitre and San Fernando WWTPs started in 
the morning and the one for GPS started in the afternoon. Consequently, the starting time of the 
sampling procedure could have a relation on the differences in the forecasting errors obtained. 


























































































































































































































1 < 0.1 1.6 3.1 < 0.1 1.2 4.2 11.8 15.7 20.5 22.8 23.9 24.9 25.9 
2 0.7 1.0 0.9 1.0 17.1 18.9 20.2 23.3 24.5 24.8 25.6 26.4 27.1 
3 < 0.1 < 0.1 0.4 < 0.1 0.1 2.2 2.7 4.1 5.6 5.8 4.8 4.5 4.6 
λ(nm) 
1 230.0 252.5 270 342.5 360 382.5 430 480 540 580 627.5 650 722.5 
2 237.5 265.0 280 290.0 360 382.5 430 480 540 590 625 650 692.5 
3 235.0 262.5 270 347.5 360 382.5 430 480 540 615 647.5 670 720.0 
# 
Comp 
1 4 7 9 7 5 10 4 10 10 10 9 9 10 
2 2 1 1 1 2 2 2 1 3 2 2 2 2 
3 8 7 7 9 9 7 7 8 8 7 7 7 7 
temin 
1 1 1 1 1 5 5 1 1 2 2 2 2 1 
2 2 8 5 8 6 6 496 523 509 496 496 496 495 
3 1 1 1 1 1 10 11 8 8 12 9 8 8 
N 
1 1050 1050 1050 1050 1046 1046 1050 1050 1049 1049 1049 1049 1050 
2 1049 1043 1046 1043 1045 1045 555 528 542 555 555 555 556 
3 1050 1050 1050 1050 1050 1041 1040 1043 1043 1039 1042 1043 1043 
 
Table 3.- Maximum forecasting periods for Salitre WWTP (1), GPS (2) and San Fernando WWTP (3) study sites 


























































































































































































































1 11 1 1 10 5 5 2 2 3 3 3 3 3 
2 132 110 8 16 6 525 524 523 523 523 496 496 495 




1 0.3 1.6 3.1 7 1.2 4.2 13.1 17.5 20.7 22.9 24.7 25.7 26.4 
2 3.5 2.9 1 1.3 17.1 20.2 23.1 23.3 25 25.5 25.7 26.4 27.2 
3 0.9 0.6 0.4 1 2.1 2.4 3.8 4.1 5.6 6.3 5.7 4.9 4.9 
λ 
(nm) 
1 210 252.5 270 315 360 382.5 442.5 505 547.5 582.5 620 672.5 690 
2 215 252.5 272.5 292.5 360 395 472.5 480 560 580 620 650 690 
3 225 252.5 280 302.5 377.5 395 457.5 480 540 597.5 620 650 715 
# 
Comp 
1 7 7 9 1 5 10 4 10 10 10 10 9 9 
2 2 1 1 1 2 1 1 1 1 1 2 2 2 
3 5 9 9 9 7 7 7 8 8 7 7 7 7 
N 
1 1040 1050 1050 1041 1046 1046 1049 1049 1048 1048 1048 1048 1048 
2 919 941 1043 1035 1045 526 527 528 528 528 555 555 556 
3 1043 1050 1048 1047 1041 1040 1039 1043 1043 1038 1039 1042 1042 
 
4 CONCLUSIONS 
The objective of this work was to propose a forecasting method for wastewater UV-Vis absorbance 
spectra based on Discrete Fourier Transform DFT and to apply it to time series from three different 
study sites: i) Salitre WWTP in Bogotá, ii) Gibraltar pumping station in Bogotá, iii) San Fernando 
WWTP in Itagüí (south part of Medellín).  
The results obtained show that UV spectra absorbance values are more feasible to forecast than 
Visible ones. This could be due to two possible reasons: (i) the method proposed is more adapted to 
UV forecasting due to a more periodic signals in this range, represented better by the Fourier 
transform; (ii) the accuracy of the probe used is higher for the visible range turning difficult to represent 
high time variations as periodic signals by means of Fourier transform. These two possible 
explanations will be addressed in further studies. Also, other forecasting techniques will be tested in 
order to propose more adapted methods to visible part of the spectra. 
Results obtained show that the minimum number of components needed to achieve a good enough 
forecasting for specific wavelength ranges varies as a function of the forecasting period (i.e. for Salitre 
WWTP it will need four components to forecast Nitrite and Nitrates, using 230 nm, with less than 0.1% 
of error for a forecasting period of one minute). This implies that a unique recommendation for 
choosing the minimum number of components, and by this obtain the less complex model, cannot be 
furnished, but an automatic selector of this number could be proposed, based on each time series 
behaviour. In addition, notice that forecasting systems could be more or less complex (depending on 
the number of components used for each forecasting model), and so computation times could vary, 
affecting the delivery of forecasting results, for different forecasting periods required.  
Finally, results show that minimum forecasting errors and maximum forecasting periods vary 
according to time series and target pollutants, meaning that the method proposed could be more 
adapted to describe the time behaviour of some pollutants, according to the specific composition of 
each wastewater studied. This implies that forecasting done by applying the method proposed in this 
paper could present different performances according to the target pollutant, which has to be 
accounted for if a decision support system based on this method is developed and applied. In addition, 
a forecasting system could provide different forecasting periods for different pollutants, which has to 




Results shown in this paper are an initial basis to make a forecast of water behaviour that reaches 
wastewater treatment plants, in order to improve treatment processes and make real-time decisions. 
The differences observed in this work between the time behaviours of water quality for water from 
three sewer systems highlight the need for specific frequency analysis for other types of water 
systems of interest as rainwater systems, rivers, groundwater systems, wetlands, among others. This 
work will continue for longer time series (weeks, months, years) and using different forecasting 
techniques (spectral estimation, principals components analysis, linear and nonlinear autoregressive 
methods, etc.) that will allow a more thorough understanding of studied phenomena and which can be 
used to construct decision support tools leading to the optimization of urban water systems operation. 
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